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Unconventional bismuthate glasses containing lithium oxide have been prepared by a conventional melt-
quench technique. X-ray diffraction, scanning electron microscopy, and differential thermal analysis show that
stable binary glasses of composition xLi2O-(100-x)Bi2O3 can be achieved for x520– 35 mol %. Systematic
variation of the glass-transition temperature, density, and molar volume observed in these glasses indicates no
significant structural change with composition. Differential thermal analysis and optical studies show that the
strength of the glass network decreases with the increase of Li2O content in the glass matrix with a small
deviation for the extra stable 30Li2O-70Bi2O3 glass composition. Studies of Raman spectra and molar volume
ensure that all glasses are built up of @BiO6# octahedral units, while the influence of Li1 ions in the glass
matrix is also confirmed from optical, Raman, and electrical studies. Wide transmitting window in the optical
region having sharp cutoffs in both ultraviolet-visible and infrared regimes may make these glasses useful in
spectral devices. High dielectric values in these glasses compared to glasses formed with conventional glass
former can be attributed to the influence of the high polarizability of the unconventional network forming
cations, Bi31. @S0163-1829~97!08937-6#I. INTRODUCTION
Glasses based on heavy-metal oxides such as Bi2O3 have
wide applications in the field of glass ceramics, layers for
optical and optoelectronic devices, thermal and mechanical
sensors, reflecting windows, etc.1 However, most of the bis-
muthate glasses studied so far are multicomponent, some of
which are the precursor for the high-Tc superconductors.2,3
The study of binary glasses based on unconventional Bi2O3
as a unique network former is scarce,4,5 because Bi2O3 does
not form glass by itself. It has been pointed out6 that bismuth
ions are highly polarizable and that cations may exist in the
glass network in @BiO3# pyramidal units in the presence of
conventional glass-forming cations such as P51, Si41, B31,
etc. Recent study of bismuth cuprate glasses5 also shows the
glass-forming ability of Bi31 ions in the presence of
transition-metal copper ions. The network of these glasses is
also built up of @BiO3# pyramidal units, while multicompo-
nent bismuth cuprate glasses are built up of both @BiO6#
octahedral and @BiO3# pyramidal units.7 The glass-forming
ability of Bi31 ions in the presence of alkali ions is not well
studied so far. However, these glasses, if formed, will be
useful candidates for spectral devices6,8,9 and optical
switches.1 Structural and conductivity studies of bismuth cu-
prate glasses5,10 reveal that the copper ions occupy the
network-forming positions and are unable to diffuse through
the host matrix, unlike the alkali ions in most conventional
network-modified glasses.11 The role of alkali ions in the
unconventional network system is, however, not known,
which will be an interesting aspect for the glass structure.
In this paper, we report the glass formation and the physi-
cal properties of the lithium bismuthate system and the role
of Li1 ions in unconventional glass formation.
II. EXPERIMENT
Glassy samples of compositions xLi2O-~100-x)Bi2O3 (x
520, 25, 30, 35 mol %! were prepared using reagent-grade560163-1829/97/56~13!/8021~5!/$10.00chemicals Bi2O3 and Li2CO3. The mixtures of these chemi-
cals taken in alumina crucibles were calcined at 450 °C for 2
h and then melted at 900–1000 °C for 30 min in an electric
furnace. Glassy samples were obtained by quenching the
melts using two copper plates. All samples were transparent
and yellow in color and showed hygroscopic nature. X-ray-
diffraction patterns of the samples as prepared and heat
treated at different temperatures for different durations of
time were recorded in an x-ray diffractometer ~Seifert, model
XRD 3000 P!. The scanning electron micrographs of the
polished surfaces of the prepared as well as the heat-treated
samples were taken in a scanning electron microscope
~Hitachi, model S-415A!. A thick ~;150 Å! gold coating on
the polished surface of the sample was done by vacuum
evaporation for the conducting layer function before taking
the micrographs. The density of the as-prepared samples was
measured at room temperature by the liquid displacement
method. Differential thermal analysis of the as-prepared
samples was performed in an air atmosphere using a thermal
analyzer ~Shimadzu, model DT-40!. Optical spectra of the
prepared samples were also recorded at room temperature in
a UV-VIS scanning spectrophotometer ~Shimadzu, model
UV-2101 PC! in the wavelength range 200–800 nm. Infrared
spectra of the prepared samples in the bulk form were re-
corded at room temperature in a spectrophotometer
~NICOLET, model MAGNA IR 750, series II! in the wave
number range 400–4000 cm21. Raman spectra were re-
corded at room temperature in the wave number range 200–
1000 cm21 by a double monochromator ~Spex, model 1403!
fitted with a holographic grating of 1800 groves/mm and a
cooled photomultiplier tube of Hamamatsu Photonics, Japan.
The samples were excited by an Ar1-ion laser ~Spectra Phys-
ics, model 2020-05! at a power of 250 mW. The scattered
light was focused onto the entrance slit of width of 4 cm21.
For electrical measurements, gold electrodes were deposited
on both surfaces of the samples. ac conductivity was mea-
sured above room temperature using a precision RLC meter8021 © 1997 The American Physical Society
8022 56S. HAZRA, S. MANDAL, AND A. GHOSH~QuadTech, model 7600! in the frequency range 102 – 106
Hz.
III. RESULTS AND DISCUSSION
A. Glass formation and thermal analysis
X-ray-diffraction ~XRD! patterns of the powdered
samples as prepared and heat treated at different tempera-
tures are shown in Fig. 1. A broad diffuse scattering at low
angles observed @in curve ~a! of Fig. 1# for the as-prepared
sample is the indication of long-range structural disorder.
The absence of microstructure of the prepared sample ob-
served from a scanning electron micrograph shown in Fig.
2~a! indicates the amorphous and homogeneous nature of the
sample. Similar behavior is also observed for other as-
prepared samples.
Peaks have been observed @in curves ~b! and ~c! of Fig. 1#
for the glasses heat treated above Tc , which is the indication
of the formation of the crystalline phase~s!. However, none
of the existing crystal structure for different lithium
bismuthates,12 such as LiBiO3, Li3BiO4, Li5BiO5, Li7BiO6,
etc., is similar to our heat-treated samples. Also, the heat-
treated samples do not resemble any one of the different
stable ~a and d! and/or metastable ~b and g! phases of
Bi2O3,13 indicating that it crystallizes to some other un-
known phase~s!. Microstructures observed in the electron
micrograph, Fig. 2~b!, are due to the crystalline behavior of
the heat-treated samples.
Figure 3 shows a differential thermal analysis ~DTA!
curve for a typical composition. A glass transition tempera-
ture (Tg) followed by two crystallization temperatures (Tc)
is observed in Fig. 3. The presence of the glass transition
temperature as well as the amorphous nature of the samples
having compositions xLi2O-(100-x)Bi2O3, where x
520– 35 mol %, proves the glass-forming ability of the Bi31
~heavy-metal! ions in the presence of Li1 ~alkali! ions. A
large difference (DT>45 °C) between the glass-transition
temperature and crystallization temperature is the indication
of the stability of the glass. However, the sharp peaks corre-
sponding to crystallization temperatures indicate the fast
FIG. 1. X-ray-diffraction patterns of different samples: ~a!
30Li2O-70Bi2O3 sample as prepared, ~b! 30Li2O-70Bi2O3 sample
heat treated at 340 °C, and ~c! 30Li2O-70Bi2O3 sample heat treated
at 400 °C.growth kinetics of the individual phases. The values of
Tc , Tg , and DT are shown in Table I for all glass compo-
sitions. The decrease of glass transition temperature with the
increase of Li2O concentration shown in the inset of Fig. 3
FIG. 2. Scanning electron micrographs of different samples: ~a!
30Li2O-70Bi2O3 sample as prepared and ~b! 30Li2O-70Bi2O3
sample heat treated at 340 °C.
FIG. 3. Differential thermal analysis curve of 30Li2O-70Bi2O3
glass composition. Inset shows the variation of Tg with the Li2O
content in the glass composition.
56 8023PROPERTIES OF UNCONVENTIONAL LITHIUM . . .TABLE I. Different physical parameters obtained from density and DTA curve for the lithium bismuthate
glasses.
Glass composition Molar volume Molar volume
Li2O Bi2O3 Density ~experimental! ~ideal packing! Tg Tc DT
~mol %! (g cm23) (cm3 mol21) (cm3 mol21) ~°C! ~°C! ~°C!
20 80 8.28 45.74 44.85 265 310, 360 45
25 75 8.14 43.85 42.97 260 315, 370 55
30 70 8.03 41.74 41.10 260 320, 380 60
35 65 7.98 39.26 39.22 255 310, 360 55ensures the formation of nonbridging oxygen in the glasses,
which increases with the increase of Li2O content. A system-
atic small variation of glass transition temperature also indi-
cates no significant structural change with composition.
However, a small deviation observed in both Tg and DT for
the 30Li2O-70Bi2O3 glass composition can be attributed to
the extra stability of the glass.
B. Density and molar volume
The measured density of the glass samples is shown in
Table I. The experimental molar volume of the glasses has
been estimated from the molecular weight and density. The
corresponding molar volume for ideal close packing is also
calculated, simply by summing up the molar volumes of the
crystalline Bi2O3 ~52.36 cm3) and Li2O ~14.84 cm3)in the
molar ratio. Both of these values have been enlisted in Table
I for comparison. The variations of density as well as the
molar volume of the glasses, shown in Fig. 4, are small and
are consistent with the composition. The monotonic variation
of these quantities also indicates no significant change of
structural unit with composition. The experimental molar
volume and the molar volume for ideal close packing are
almost the same, which indicates that the glass structure may
be formed by the same @BiO6# units as that of a-Bi2O3.
C. Optical spectra
Figure 5 shows the optical spectrum of a typical glass
FIG. 4. Variation of density ~s! and molar volume ~d! with the
Li2O content in the glass composition.composition in the ultraviolet-visible ~UV-VIS! region. A
distinct cutoff has been observed in Fig. 5. Other glass com-
positions also have the similar behavior. However, the values
of the cutoff wavelength (lc) for different glass composi-
tions are slightly different and are shown in Table II. The
optical band gap (Eopt) has been estimated from this cutoff
wavelength and is also listed in Table II. The variation of
optical band gap with composition is shown in the inset of
Fig. 5, which shows that the optical band gap increases
slightly with an increase of Li2O content in the bismuthate
glasses with a small deviation for the 30Li2O-70Bi2O3 glass
composition. It has been reported earlier13 that bismuth oxide
in the form of thin film shows an optical band gap in the
range 2.5–2.6 eV. So it is evident that the introduction of
Li1 ions in the bismuth oxide network increases the optical
band gap ~Table II!. However, the presence of a sharp cutoff
in these glasses may make them useful in the spectral de-
vices.
D. Infrared spectra
The Fourier transform infrared ~FTIR! spectrum for a
typical glass composition is shown in Fig. 6. A sharp cutoff
in the low-frequency region has been observed in the FTIR
spectrum. Other glass compositions also have the similar
spectra with a little variation in the cutoff frequency. The
cutoff wave number (n¯c) for different glass compositions is
shown in Table II. The fundamental vibrational frequency
for a basic unit is expressed as n5(1/2p)(k/m)1/2, where k
is the field strength and m is the reduced mass. This indicates
FIG. 5. Optical spectrum of 30Li2O-70Bi2O3 glass composition
in the UV-VIS region. Inset shows the variation of Eopt with the
Li2O content in the glass composition.
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ity measurements for the lithium bismuthate glasses.
Glass composition sdc
Li2O Bi2O3 lc Eopt n¯c ~at 200 °C!
~mol %! ~nm! ~eV! (cm21) «` (V21 cm21)
20 80 469 2.64 1117 30 7.131029
25 75 464 2.67 1086 32 4.031029
30 70 467 2.65 1143 32 2.831029
35 65 453 2.74 1053 35 2.031029that the larger the mass and the smaller the field strength, the
smaller the IR cutoff frequency.14 It can be noted that for the
present glass system the cutoff frequency decreases slowly
with the increase of the Li2O content in the glass matrix
shown in the inset of Fig. 6 with the same small deviation for
the 30Li2O-70Bi2O3 glass composition as observed in the
optical spectrum. The decrease of cutoff frequency in the
lithium bismuthate glasses with the increase of Li2O content
and also in comparison to the PbO-Bi2O3 glasses ~dashed
curve of Fig. 6! indicates the strong influence of Li1 ions in
the glass matrix. As the introduction of the Li1 ions in the
glass network may decrease ~or loosen!, the field strength ~or
structure! of the basic vibrational BiO unit, hence the cutoff
frequency can be decreased. Absorption near 3400 cm21 due
to the water band is observed in all glass samples indicating
hygroscopic nature of the glasses.
The large transmission observed in these glasses in the
wide frequency range, starting from UV-VIS to IR regimes,
may make them useful as transmitting window. The width of
the transmitting window also increases slowly with the in-
crease of the Li2O content in the glass compositions. How-
ever, the small deviation observed in both UV-VIS and IR
cutoffs in the 30Li2O-70Bi2O3 glass composition may be due
to the extra stability of this glass composition compared to
other compositions, as expected from differential thermal
analysis.
E. Raman spectra
Figure 7 shows Raman spectrum of a typical glass com-
FIG. 6. FTIR spectra of 30Li2O-70Bi2O3 ~solid curve! and
PbO-Bi2O3 ~dashed curve! glasses. Inset shows the variation of n¯c
with the Li2O content in the lithium bismuthate glasses.position consisting of broad peaks in the range 200–700
cm21. The broadening of the peaks is due to the disorder-
ness. The superimposed broad peaks of the spectrum was
deconvoluted into five peaks using a Gaussian distribution to
find out the exact mode of vibrations. Other glass composi-
tions also have the similar spectra with only slight deviation
in their peak positions. Vibrational spectra of Bi2O3 and its
derivatives studied by IR and Raman spectroscopy15 indicate
that bismuth does not form a simple structure. However, it is
well known that bismuth ions can form @BiO3# pyramidal or
@BiO6# octahedral units.7,16 Pyramidal units have four funda-
mental vibrations, which are all Raman active, while octahe-
dral units have six modes of vibrations, three of which are
Raman active.17 The five vibrations observed in the present
glass system do not correspond with that observed for
@BiO3# pyramidal units. The bands in the range 300–600
cm21 can be assigned to symmetric stretching anion motion
~i.e., vibration of bridging oxygen! in an angularly con-
strained Bi-O-Bi configuration.18 The broad but strong band
at ;380 cm21 can be attributed to the Bi-O-Bi vibration of
the @BiO6] octahedral units, while the weak band at ;628
cm21 can be attributed to the Bi-O2 stretching vibration ~i.e.,
vibration of nonbridging oxygen! of the @BiO6# octahedral
units18 modified in presence of Li2O. This was also predicted
from the molar volume estimation of these glasses. The pres-
ence of the @BiO6# octahedral units in lithium bismuthate
glasses indicates that the coordination number of the glass-
forming cation is higher than that of the copper bismuthate
glasses reported earlier.5
FIG. 7. Raman spectrum of 30Li2O-70Bi2O3 glass composition.
Deconvoluted peaks are indicated by dashed curves.
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The ac loss and dielectric value of all the glass samples
have been measured in the wide frequency range at high
temperatures. A high dielectric constant has been observed
for all glass compositions similar to copper bismuthate
glasses19 which may be due to the high polarizability of the
unconventional network former Bi2O3.The dc conductivity
(sdc) of the samples has been estimated from an ac complex
impedance plot. The values of the high-frequency dielectric
constants («`) and dc conductivity at 200 °C are shown in
Table II. The low conductivity of these glasses compared to
conventional lithium glasses may be due to that the some of
Li1 ions occupy the network-forming positions and are
therefore unable to diffuse through the host matrix, unlike
the alkali ions in most conventional network modified
glasses.11 This is a clear indication of the dominant role of
Li1 ions in unconventional glass formation, similar to Cu1
ions in the copper bismuthate glasses.10 However, the de-
tailed electrical studies of these glasses are in progress,
which will not only give conduction and relaxation mecha-
nisms, but also its relation to the structure.
IV. CONCLUSIONS
Stable ionic binary glasses using the heavy-metal oxide
Bi2O3 as the unique network former have been achieved bythe melt-quench technique. Systematic variation of different
parameters indicates no significant structural change with
composition. Sharp cutoffs both in the UV-VIS and IR re-
gions and wide window of transmission between them may
make these glasses useful in the spectral devices. The Raman
and molar volume data ensure the presence of @BiO6# octa-
hedral units in the present glass system unlike Bi2O3-CuO
glasses where @BiO3# pyramidal units are present. The in-
crease of the optical band gap and decrease of the IR cutoff
frequency with the increase of lithium content may be attrib-
uted to the decrease of the strength of the glass structure. A
small deviation of different physical properties of the
30Li2O-70Bi2O3 glass composition indicates the extra stabil-
ity of this glass. The high value of the dielectric constant
may be due to the influence of the highly polarizable net-
work former Bi2O3.The influence of Li1 ions in unconven-
tional glass formation is also confirmed from UV-VIS, IR,
Raman, and electrical studies.
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